Several studies suggest that regular physical exercise protects against development of breast cancer, large bowel cancer and endometrial cancer, independently of the effect of physical exercise in reducing body weight. The World Cancer Research Fund (WCRF, 2007) summarizes the evidence as 'convincing' for cancers of the colon, and 'probable' for cancers of the breast (in postmenopausal women only) and endometrium (WCRF, 2007) .
The evidence that individuals with high levels of physical activity throughout their lives are at lower risk for colon cancer was considered 'sufficient' in the International Agency for Research on Cancer (IARC) evaluation (IARC, 2002) , and convincing by WHO/FAO (2003) . The relationship between physical exercise and risk of rectal cancer is much less certain (IARC, 2002; Wei et al, 2004; Friedenreich et al, 2006) , although a few studies (e.g., Slattery et al, 2003) have shown an inverse association.
In relation to physical activity and risk of breast cancer, IARC (2002) concluded that, although studies have not been entirely consistent, the overall results support a reduction in risk with higher levels of activity. Evidence for a dose -response effect was found in most of the studies that examined the trend. The majority of studies have focused on postmenopausal breast cancer, although there is also some evidence for a protective effect of physical activity on premenopausal disease. In some of the studies, the nature of the physical activity (recreational, occupational, and household) has appeared to be of importance, too.
A recent review and meta-analysis of 13 studies (Voskuil et al, 2007 ) concluded, like WCRF (2007 , that physical activity seems to be associated with a reduction in the risk of endometrial cancer, which is independent of body weight.
The Department of Health (2004) target for physical exercise is that everyone should aim to take at least 30 min of physical activity on five or more days of the week. This physical activity should be of at least moderate intensity -similar to brisk walking. Activity can be taken in bouts of 10 -15 min, allowing for accumulation of activity throughout the day.
In this section, we examine how much cancer of the colon, female breast and endometrium observed in 2010 might be attributed to a deficit in physical activity in the population below this recommended minimum.
METHODS
Most studies of the effect of physical activity on cancer risk present results in terms of categories of activity (high/medium/low, or as quantiles of the population studied). In order to quantify the effect of change to exercise intensity on the health of the population, risk must be quantified in relation to energy expenditure in MET.
(MET means metabolic equivalent, and is used to describe the intensity of activities. One MET is defined as the energy spent sitting quietly (equivalent to (4.184 kJ) per kg per hour), while, for example, moderate activity corresponds to 3 -6 METs, and vigorous activity to 46 METs. A table showing MET values of different activities is available at http://www.cdc.gov/nccdphp/ dnpa/physical/pdf/PA_Intensity_table_2_1.pdf).
At least four recent studies provide estimates of risk of colon cancer in relation to physical activity (adjusted for body mass index) expressed as MET hours: Giovannucci et al (1995) , Chao et al (2004) , Friedenreich et al (2006) and Wolin et al (2007) .
At least four recent studies provide estimates of risk of breast cancer in relation to physical activity (adjusted for body mass index) expressed as MET hours : Friedenreich et al (2001) , Carpenter et al (2003) , McTiernan et al (2003) and Lahmann et al (2007) .
For each of these studies, the relative risk (RR) per MET-hour per week was estimated by assuming a log-linear relationship between exposure and risk, so that:
Relative riskðxÞ ¼ exp ðln ðrisk per unitÞÂexposure levelðxÞÞ where x is the exposure level (in MET-hours per week). We used the simple mean of the RR per unit exposure in each study.
The values were as follows:
Post-menopausal breast cancer: RR 0.9955 per MET-hour per week. Colon cancer: RR 0.9940 per MET-hour per week.
The value for post-menopausal breast cancer in the meta-analysis of WCRF (2007) is very similar -for postmenopausal breast cancer and recreational activity, an RR of 0.97 per 7 MET-hours per week. *Correspondence: Professor DM Parkin; E-mail: d.m.parkin@qmul.ac.uk
As we are concerned with quantifying the effect of a deficit in exercise, we calculate the increase in risk associated with a decreased exercise intensity of 1 MET-hour per week as
The values were the following: 0.00457 for post-menopausal breast cancer. 0.00602 for colon cancer.
With respect to endometrial cancer, none of the case -control and cohort studies so far reported provide results with respect to physical activity in comparable units. It is thus not possible to estimate directly the relationship in terms of RR (or ERR) per MET-hour per week. However, in a large case -control study in Sweden, comparable results are given for post-menopausal breast cancer (Moradi et al, 2000a) and endometrial cancer (Moradi et al, 2000b) . The strength of the association between recreational and occupational activity, comparing the lowest with the highest activity categories, is more or less the same for both cancers (RR ¼ 1.3). Therefore, the values per MET-hour per week estimated for breast cancer (as above) have also been used for endometrial cancer.
The latent period, or interval between 'exposure' to an inadequate level of physical activity, and the appropriate increase in risk of these cancers (or, conversely, the duration of exercise required to eliminate the excess risk of a suboptimal level) are not known. For the four cohort studies contributing to the estimate of RR of colon cancer in this analysis (Giovannucci et al, 1995; Chao et al, 2004; Friedenreich et al, 2006; Wolin et al, 2007 ) the mean duration of follow-up was 8.9 years. In the two cohort studies contributing to the estimate for breast cancer (McTiernan et al, 2003; Lahmann et al, 2007) it was shorter (5.6 years), while in the seven cohort studies in the meta-analysis of endometrial cancer by Voskuil et al (2007) mean duration of follow-up was 14.8 years. We chose to assume the same latency for all three of 10 years and thus examine the effects on cancers occurring in 2010 from suboptimal levels of physical activity in 2000.
The minimum target would envisage all those doing less than 30 min, 5 days a week, to move to this minimum (but no increase in exercise levels in those individuals already achieving the target level).
The National Diet and Nutrition Survey (FSA, 2004) provides tables showing reported levels of physical exercise, by age group and sex, for adults aged 19 -64 in a sample of households in Great Britain in 2000 -2001. There are four categories: moderate exercise of 30 min duration for 5 or more days a week, 1 -2 days, 3 -4 days and o1 day per week. In all, 36% of men and 26% of women aged 19 -64 were already at the target level of at least 30 min moderate physical exercise on at least 5 days a week. For those of age 465, equivalent data were obtained from the Health Survey for England The results for all adult age groups (ages 19 and above) are shown in Table 1 .
Assuming that exercise of moderate intensity is equivalent to 6 METS, so that 30 min of moderate exercise consumes 3 METhours, we estimate the deficit in MET hours below the recommended level of 15 per week (3 Â 5). Thus, for the proportion of the population exercising moderately 3 -4 days a week, the deficit is, on average, 4.5 MET-hours per week (15À[3 Â 3.5]), for those exercising 1 -2 days 10.5 MET-hours per week and for those exercising less than 1 day per week 13.5 MET-hours (15À[3 Â 0.5]) per week. These values are shown in the first row of Table 1 .
Population-attributable fractions (PAFs) were calculated for each sex-age group in Table 1 according to the usual formula:
where p x is the proportion of population in exercise category x and ERR x the excess RR in exercise category x. ERR x is calculated as
where R m is the increase in risk for a deficit of 1 MET-hour per week and M x is the deficit in MET-hours per week (less than 15) in exercise category x. Table 2 shows the estimated PAF and the number of cases of breast, endometrial and colon cancer 'caused' in 2010 by the deficit in exercise (in 2000), by age group and sex. The excess number of cases is also expressed in terms of cancer as a whole. An estimated 3.4% of breast cancer cases, 3.8% of endometrial cancer cases and 5.3% of colon cancer cases are attributable to exercising less than the minimum recommended. The 5.3% of colon cancers correspond to 3.3% of large bowel cancers (colon and rectum). This corresponds to 1.0% of all cancer cases, 0.4% in men and 1.7% in women.
RESULTS

DISCUSSION
Although a beneficial effect of physical activity levels on the risk of various cancers has been observed in various individual studiesnotably for cancers of the lung, pancreas and prostate -the There are several probable mechanisms underlying the protective effects of physical activity (McTiernan et al, 1998; Quadrilatero and Hoffman-Goetz, 2003) . They include modification of levels of metabolic hormones and growth factors, improvement of the antitumour immune system, promotion of antioxidant defence and DNA repair. Physical activity may reduce exposure to endogenous oestrogens implicated in breast and endometrial cancer. With respect to colon cancer, physical activity can speed up the transit of food, with reduced exposure to intraluminal carcinogens. Changes to levels of insulin, prostaglandin and bile acids reduce proliferation of mucosal cells.
The current estimate -that around 1% of cancers in the UK may be related to physical inactivity (below a modest aspiration of 30 min five times a week) -is similar to the estimate of Doll and Fau (2003) , that less than 1% of cancer deaths are due to physical inactivity. However, the estimates of the proportions of cancers related to inadequate 'physical activity' in the UK in 2002 by WCRF (2009) are substantially higher: 12% of colorectal cancer, 12% of breast cancer and 30% of endometrial cancer. There are several reasons for these larger estimates. WCRF selected 'representative' studies from which to take the RRs; only one (for colon cancer) is referenced to be from their own meta-analyses (WCRF, 2007) , where the value (1.33 for more than 150 hours exercise per week vs none) is not actually reported. The RR for endometrial cancer, 0.57 for X60 minutes of non-occupational exercise per day compared with o30 min (Schouten et al, 2004) , is particularly significant. The reference category (optimum physical activity) was different for the three cancers, and in all was higher than the equivalent of 5 Â 30 min of moderate exercise per week.
Finally, the translation of the exposure prevalence (from the National Diet and Nutrition Survey) to the categories used in the calculation of three different estimates was particularly imaginative.
Using a modelling approach, de Vries et al (2010) estimated that, in 2040, 8.7% of colon cancer cases in men and 17.4% in women would be due to suboptimal levels of physical activity during the previous 20 years. The higher percentages than those estimated in the current analysis (4.9% in men and 5.3% in women) are due to several differences in the methods. The main difference is the dichotomizing of the population into 'optimal' and inactive, with RRs from a meta-analysis of leisure-time activity and colon cancer (Samad et al, 2005) that suggested substantial risk in inactive individuals vs those 'physically active' (1.28 in men, 1.41 in women), which contrasts with the risk of 1.09 in the least active group of Tables 1 and 2 relative to the optimum of 5 Â 30 min of moderate exercise per week (substantially less active than the baseline category of Samad et al, 2005) .
Based on short-term trend data from the Health Survey for England (Health and Social Care Information Centre, 2010) , it does seem that, in the period 1997 -2009, there has been an increase in the proportion of persons exercising five or more times per week. There is evidence from reviews that interventions to increase individual exercise levels in community, health-care and occupational settings can be successful (Hillsdon et al, 2005) , although at present there is little review-level evidence of the effectiveness of modifications to the built environment in increasing physical activity in the general population.
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